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was heated for 2—4 hours at 100°. Any excess of unused
amine and solvent was removed by evaporation in vacuo.
The residue was basified with a small amount of cold 209,
aqueous sodium hydroxide (to pH 11) and the precipitated
solid bis-aminoamide was collected by suction and washed
with a little cold water. The products were purified by
recrystallization from ethyl acetate, hexane or mixtures
of these solvents. Yields were usually above 909%,.
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The bis-tertiary-aminoacetylamides were quaternized by
refluxing with methyl iodide in methanol for several hours.
The bis-methiodides crystallized from methanol or meth-
anol-ethyl acetate ixtures. Yields were all above
90%.

Details for all compounds appear in Table 1.
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Antifungal Agents?
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RECEIVED OCTOBER 28, 1954

A series of tertiary aliphatic and heterocyclic amines have been prepared and examined as antifungal agents f or pathogen i

molds and fungi.

With the advent of broad-spectrum antibiotics
which somewhat indiscriminately destroy both
malevolent and benevolent bacteria within the
human host, the development of pathogenic fungal
infections has received considerable attention.?
Although there is apparently no completely satis-
factory method for combatting fungal infections
arising from M. albicans and T. mentagrophytes,
whose overgrowth may be made possible by the
destruction of competitive flora, the true incidence
of the condition, specifically moniliasis, is still
questionable.? Despite considerable work and the
evolution of several theories, the mechanism where-
by M. albicans acquires pathogenesis following anti-
biotic therapy is still obscure.

Despite the lack of agreement among clinicians
regarding the need for antifungal agents specifically
effective against pathogenic fungi, various types
of fungicides are in clinical use or under investiga-
tion. Being cognizant of the anti-monilial proper-
ties of a group of steroidal amines and their qua-
ternary salts? as well as the fungistatic and fungi-
cidal action of certain long chain saturated and
unsaturated fatty acids,® it was of interest to
prepare and examine microbiologically a series of
saturated and unsaturated tertiary amines and
salts thereof,

The compounds prepared in this study are of the
general formula R;NR,R; wherein R, is a saturated
or unsaturated hydrocarbon group and —NR:R:
is a dialkylamino, pyrrolidino, piperidino and
morpholino group. It is to be noted that these
compounds combine the hydrocarbon moiety of
the fatty acids® and the basic moiety of the steroidal
amines,?

The tertiary amines were prepared by conven-
tional methods, the procedure of choice being the
reaction of the appropriate acid chloride and

(1) Presented in abstract at The North Jersey Miniature Meeting in
Newark, New Jersey, January 24, 1955.

(2) (a) M. J. Lipnik, A. M, Kligman and R, Strauss, J. Investigative
Dermat., 18, 247 (1952); (b) W. 1. Metzger, L. T, Wright and J. C.
DiLorenzo, J. Am. Med. Assoc., 155, 352 (1954).

(3) (1) F. C. Rull, G. A, Castellano and R. L. Mayer, J, Investiga~
tive Dermat., 21, 227 (1953);: (b) Hershel L. Herzog, Constance C.
Payne and E. B. Hershberg, to be published.

4) (a) 0. Wyss, B. J. Ludwig and R. R. Joiner, Arch. Biochem.,
7, 415 (1945); (b) J. Kimmig and H. Rieth, Arsneim. Forsch., 8, 267
(1953).

Certain structure—activity relationships are evident and are discussed.

secondary amine to the intermediate amide (see
Table I) followed by reduction of the amide with
lithium aluminum hydride.b

The amides, tertiary amines and the acid addi-
tion and quaternary salts of the latter were sub-
mitted to an in vitro microbiological test to de-
termine their activity against Monilia albicans,
T. mentagrophytes (Table II) as well as E. coli,
P. aeruginosa, S. aureus, B. subtilis and M. smeg-
matis. The antifungal activities of the compounds
were compared with two fungicides in clinical use,
undecylenic acid and 6-(8-diethylaminoethoxy)-2-
dimethylaminobenzothiazole dihydrochloride.® In
order to obtain sufficient data for a structure cor-
relation several known tertiary amines were pre-
pared and examined.

All the compounds were essentially inactive
against E. colfi and P. qeruginosa. The amides
exhibited activities which were neither of sufficient
magnitude nor broadness of spectrum as to warrant
reporting. From Table II certain relationships
between structure and activity are manifest. Itis
of interest to note that within the confines of the
optimum structures all compounds possessed anti-
fungal activities greater than that of undecylenic
acid and in most cases in excess of that possessed
by Asterol.

Optimum activity resides in those compounds
wherein R; = 10-undecenyl, and R, and R; contain
a total of 4~6 carbon atoms (X, XIII, XIV, XV and
XVI). Increasing the carbon chain in Ry and R;
to isobutyl (XI) or shortening to methyl (IX)
markedly reduced activity.

Hydrogenation of the terminal double bond of
compound X did not radically alter the antifungal
activity (XIX) whereas transforming the ethylenic
bond to an acetylenic link narrows the spectrum
(XII). The pronounced activity of XIX was of
interest since this investigation was originally
based upon the supposition that the terminal un-
saturation was a prerequisite for activity. Wryss,
et al.,* demonstrated the rather singular properties
of undecylenic acid as a fungicide.

Having somewhat empirically shown the effect

(5) The reduction (and isclation) wus essentially that described by

V. Micovic and M. Mihailovie, J. Org. Chem., 18, 1190 (1833).
(6) Astervl-—Registered trade murk of Hoffmann-LaRoche, Tnc
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wherein R, contains 10-14 carbon atoms in a chain
and R, and R; together contain approximately 4-6
carbon atoms.
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Bronit, Mr. J. Stevenson and Mr. F. Vitale of our
Bacteriology Department for the microbiological
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Experimental

Preparation of Amides,—The following procedure is typi-
cal of that used in the preparation of the amides utilizing
the appropriate acid chloride and secondary amines.

To a solution of 56.8 g. (0.8 mole) of pyrrolidine in 300
ml. of anhydrous benzene was added dropwise 80.8 g. (0.4
mole) of undecenoyl chloride in 200 ml. of anhydrous ben-
zene. The mixture was stirred and refluxed for 1-2 hours,
cooled, poured into water and extracted with dilute hydro-
chloric acid, sodium bicarbonate solution and water in turn.
After drying over anhydrous sodium sulfate, the solvent
was removed in vacuo and the residue distilled yielding 73 g.
(0.32 mole, 75%) of w-undecenoylpyrrolidine, b.p. 167-
170° (3-4 mm.).

Preparation of Amines, Reduction of Amides.—The
following procedure is typical of that employing the appro-
priate amide as starting material and is modelled after the
procedure of Micovic and Mijhailovic.?

To a stirred suspension of 7.1 g. (0.144 mole + 309,
excess) of lithium aluminum hydride in 500 ml. of anhydrous
ether was added dropwise 0.287 mole of the appropriate
amide in 200 ml. of anhydrous ether. The mixture was
stirred and refluxed for two hours after which time the re-
action vessel was cooled in an ice-bath. The reaction mix-
ture was decomposed by the cautious dropwise addition in
turn of 7 ml. of water, 7 ml. of 15%, sodium hydroxide solu-
tion and 21 ml. of water while stirring vigorously during the
addition and for 20 minutes afterwards. The mixture was
filtered and the precipitated salts washed with ether. The
combined ether filtrates were extracted with 109, hydro-
chloric acid. The acid layer was rendered alkaline with so-
dium hydroxide and extracted with ether. The ether solu-
tion was dried over anhydrous potassium carbonate, con-
centrated 47 vacuo and distilled ¢ vacuo to yield the desired
amine.

Alkylation of Secondary Amines.—A mixture of 0.75
mole of secondary amine, 0.3 mole of alkyl bromide, 100
ml. of anhydrous toluene and 50 ml. of anhydrous ethanol
was refluxed overnight whereupon it was cooled, poured
into water and extracted with ether—benzene, 1:1. The
organic layer was extracted with dilute hydrochloric acid
and the acid layer was made strongly basic with sodium hy-
droxide solution. The aqueous mixture was extracted with
ether-benzene and the extracts dried over anhydrous potas-
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sium carbonate. Removal of the solvent i vacuo followed
by fractionation of the residue yielded the desired tertiary
amine.

Reduction of an Unsaturated Tertiary Amine. TUndecyl-
diethylamine (XIX).—A solution of 22.5 g. (0.1 mole) of
w-undecenyldiethylamine in 150 ml. of ethanol was hydro-
genated in a Parr shaker under 3 atmospheres of hydrogen
in the presence of platinum oxide catalyst. When the re-
duction was complete, the catalyst was removed by filtra-
tion, the solvent concentrated in vacuo and the residue dis-
tilled to yield wndecyldiethylamine.

Alkylation of a Primary Amine. Tetradecyldiethylamine
Hydrochloride (XXI).—A mixture of 42.6 g. (0.2 mole) of
tetradecylamine, 65 g. (0.42 mole) of ethyl iodide, 25 g.
(0.25 mole) of potassium carbonate and 500 ml. of anhydrous
benzene was stirred and refluxed for 48 hours. The mix-
ture was then poured into water and extracted with ether—
benzene 1:1. The organic layer was dried over anhydrous
potassium carbonate, concentrated and distilled 7 wvacuo,
collecting 29 g., b.p. 160-190° (5 mm.). The mixture of
amines was refluxed with 24 g. of acetic anhydride and 50
ml. of glacial acetic acid for 6 hours. The reaction mixture
was then cooled, poured into water and rendered alkaline
with sodjum hydroxide solution. The mixture was extracted
with ether which was then extracted with dilute hydro-
chloric acid. The acid layer was made alkaline and ex-
tracted with ether. The ether solution was dried over an-
hydrous potassium carbonate and filtered. Anhydrous
hydrogen chloride was bubbled through the ether solution
and the precipitated hydrochloride removed by filtration
and recrystallized from ethyl acetate yielding 20 g., m.p.
119.0-120.0°.

Preparation of Salts. A. Maleates.—Equimolar quan-
tities of tertiary amine and maleic acid in 4-5 volumes of
isopropyl acetate were heated for a few moments and the
resultant solution concentrated to a residue 4n vacuo. The
glassy residue was recrystallized from anhydrous ether and
thedsalt was obtained as a somewhat hygroscopic waxy
solid.

B. Hydrochlorides.—A dilute ether solution of the ter-
tiary amine was treated with anhydrous hydrogen chloride
and the precipitated salt recrystallized from ethyl acetate.

C. Methyl Jodides.—A mixture of the tertiary amine
and excess methyl iodide in anhydrous ether was allowed to
stand overnight. The soft crystals of the quaternary salt
were removed by filtration and recrystallized from ethyl
acetate.

Method of Testing.—Growth inhibition activity was de-
termined by culturing agar plates containing twofold dilu-
tions of the compounds to be tested. Bacteria and Monilia
cultures grown in broth for 24 hours were streaked on tryp-
tose agar (Difco) containing 59, serum (pH 7.2). The cul-
tures were examined for growth after 48 hours incubation
at 37°. Tryptose agar plates (without serum added) were
streaked with heavy spore suspensions of T'. mentagraphytes,
and were examined for growth after two weeks incubation
at room temperature.



